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Assessment of Nonpoint-Source Contamination 
of the High Plains Aquifer in South-Central 
Kansas, 1987

By John O. Helgesen, Lloyd E. Stullken, and AT. Rutledge

Abstract

Ground-water quality was assessed in a 
5,000-square-mile area of the High Plains aquifer 
in south-central Kansas that is susceptible to non- 
point-source contamination from agricultural and 
petroleum-production activities. Of particular 
interest was the presence of agricultural chemicals 
and petroleum-derived hydrocarbons that might 
have been associated with brines that formerly 
were disposed into unlined ponds.

Random sampling of ground water was done 
within a framework of discrete land-use areas (irri 
gated cropland, petroleum-production land con 
taining former brine-disposal ponds, and undevel 
oped rangeland) of 3-10 square miles. Although 
true baseline water-quality conditions probably 
are rare, in this region they are represented most 
closely by ground water in areas of undeveloped 
rangeland. The sampling design enabled statistical 
hypothesis testing, using nonparametric proce 
dures, of the effects of land use, unsaturated-zone 
lithology, and type of well sampled.

Results indicate that regional ground-water 
quality has been affected by prevailing land-use 
activities, as shown by increased concentrations 
of several inorganic constituents. Ground water 
beneath irrigated cropland was characterized by 
significantly larger concentrations of hardness, 
alkalinity, calcium, magnesium, potassium, fluo- 
ride, and nitrite plus nitrate than was water 
beneath undeveloped rangeland. Few nonde- 
graded pesticides were detected in the aquifer, 
probably because of degradation and sorption. 
Atrazine was the most common, but only in small 
concentrations.

Ground water beneath petroleum-production 
land was characterized by significantly larger 
concentrations of hardness, alkalinity, dissolved 
solids, sodium, and chloride than was water 
beneath undeveloped rangeland. Nonpoint-source 
contamination by oil-derived hydrocarbons was 
not discernible. The occurrences of trace organic 
compounds were similar between petroleum- 
production land and undeveloped rangeland, 
which indicates a natural origin for these com 
pounds.

The unsaturated zone in the study area is 
lithologically heterogeneous and contains sub 
stantial amounts of clay that inhibit the downward 
movement of water and solutes. Within the aqui 
fer, the rate of lateral regional flow and solute 
transport is slow enough so that the ground-water 
quality reflects overlying land use in discrete 
areas of several square miles, but it is still suffi 
ciently rapid so that the type of well sampled is 
not important in regional characterizations of 
water quality beneath irrigated cropland; the sea 
sonal pumping of irrigation wells does not appear 
to divert regional flow enough to cause substan 
tial local anomalies of more mineralized ground 
water.

INTRODUCTION

Increased public concern about the environment 
has directed attention toward the varied and complex 
issue of ground-water contamination. Assessing and 
understanding the effects of human activities on 
ground-water quality for the purpose of effectively 
addressing contamination problems have become a

Assessment of Nonpoint-Source Contamination, High Plains Aquifer, Kansas C1



matter of national importance. In light of this, the 
U.S. Geological Survey is conducting its Toxic 
Waste Ground-Water Contamination Program, with 
the objective of assessing the current quality of the 
Nation's ground-water reserves and the nature and 
extent of the contamination problem (Helsel and 
Ragone, 1984).

The study of nonpoint-source ground-water con 
tamination is a part of this program. It involves anal 
yses that are designed to be regional in scope and 
statistical in approach, and that allow for subsequent 
work directed toward the extrapolation of results or 
the focusing on particular aspects important to the 
understanding of nonpoint-source contamination. 
Seven areas with diverse representative environments 
in terms of climate, geohydrology, and human activ 
ity were selected for study. Three of the seven are in 
the Midwestern United States, and one of these, part 
of the High Plains aquifer in Kansas, is the subject of 
this report.

Background

Ground water is a vital resource in the Midwest 
ern United States. The most common sources of 
water supply are shallow, unconfined, unconsoli- 
dated, and possibly extremely transmissive aquifers 
that have large storage capacities. The alluvial High 
Plains aquifer is the most areally extensive of these, 
but smaller alluvial or glacial-outwash aquifers are 
present throughout the Midwest. They all provide 
readily available water for public-supply, agricul 
tural, industrial, domestic, and stock-raising pur 
poses. Although contamination of any water resource 
could have substantial health-related and economic 
consequences, ground-water contamination can be a 
particularly serious problem because movement of 
ground water is slow and does not favor dispersal of 
contaminants; cleanup of contaminated ground water 
usually is difficult or impossible.

Aquifers with substantial permeability and a shal 
low water table are especially susceptible to contami 
nation by local (point source) or widespread (nonpoint 
source) human activities at or near the land surface. 
This study includes a focus on nonpoint-source organic 
contaminants associated with two activities practiced 
extensively across much of the Midwest: agricultural- 
chemical application and the disposal of brines associ 
ated with petroleum production. Application of

agricultural chemicals, especially on irrigated land, 
provides an opportunity for these chemicals to move 
down to the water table. Brines produced with oil, and 
oil-derived hydrocarbons that can occur in association 
with brines, also might be a problem, particularly as a 
result of brine-disposal practices prior to regulation. 
This study explores contaminant concentrations in 
relation to three variables land use, unsaturated-zone 
lithology, and type of well sampled.

Delineation of contaminant distributions, in con 
junction with improved understanding of the major 
factors affecting these distributions, will help in 
assessing the current problem and will contribute 
toward effective monitoring and predictive capabili 
ties and, ultimately, the protection of water resources. 
The contamination problem is complex. The velocity 
of regional ground-water flow potentially is a major 
factor affecting the regional distribution of contami 
nants in an aquifer. Superimposed on the regional 
hydrology are local factors, such as natural hydrogeo- 
logic variations or local flow-pattern distortions 
caused by pumping. Many other processes that affect 
contaminant distribution, such as rate and timing of 
recharge, degradation, and sorption, also need to be 
considered.

The area selected for this study (fig. 1) is a small 
part of the High Plains aquifer, yet it is sufficiently 
large (5,000 m2) to address the regional scale of the 
problem. The study area is a logical unit for investiga 
tion of nonpoint-source contaminant distribution in 
ground water because it is characterized by permeable 
soils and a shallow water table (typically less than 
30 ft below the land surface). The potential for con 
tamination of ground water in the area is reflected by 
previous information showing large nitrate concentra 
tions in ground water relative to other areas of Kansas 
(Spruill, 1983).

The aquifer hydrology of this area is well defined 
(Williams and Lohman, 1949; Stramel, 1956, 1967; 
Fader and Stullken, 1978; Hathaway and others, 
1978, 1981; Cobb and others, 1983; Sophocleous, 
1983; Spinazola and others, 1985; and Stullken and 
others, 1985). The aquifer consists of a heterogeneous 
sequence of clay, silt, sand, and gravel that is princi 
pally of alluvial origin. The aquifer contains and 
transmits water derived mainly from local precipita 
tion that percolates downward to the water table. 
Unconfined conditions predominate, and regional 
ground-water flow generally is from west to east.

C2 Analysis of Nonpoint-Source Ground-Water Contamination in Relation To Land Use
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Figure 2. Generalized predominant land use in Kansas. Modified from Williams and Barker (1974).

Purpose and Scope

This report characterizes the occurrences of non- 
point-source contaminants in the High Plains aquifer 
in south-central Kansas and evaluates these occur 
rences in relation to land use, unsaturated-zone lithol- 
ogy, and type of well sampled. The report addresses 
overall ground-water quality including a focus on the 
occurrence of organic contaminants (pesticides and 
oil-derived hydrocarbons) associated with agriculture 
and petroleum production. Certain pesticides, such as 
atrazine and 2,4-D, are of particular concern because 
of their extensive use, relative persistence, and mobil 
ity. Specific hydrocarbons are not targeted, however, 
because potential petroleum-related contaminants 
include a wide variety of compounds.
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DESCRIPTION OF NONPOINT-SOURCE 
CONTAMINATION

Agricultural Contaminants

Land use in Kansas (fig. 2) is largely agricultural, 
which is typical of much of the Midwest. Pesticides 
(synthetic organic chemicals used principally for 
weed and insect control) are applied extensively to 
enhance crop productivity. Widespread application of 
many different pesticides is common but, in most 
instances, application histories are not documented. 
The timing of applications with respect to natural 
recharge and irrigation is an important factor that 
affects pesticide infiltration. Other factors include 
properties of the unsaturated zone, chemical proper 
ties that relate to contamination potential (such as sol 
ubility, degradability, and sorption characteristics),

and lithologic and hydraulic properties that affect the 
distribution of the compound in the saturated zone. 

The multiple distribution pathways available to a 
pesticide (Cheng and Koskinen, 1986; Severn, 1987) 
make its tracking through the natural environment 
difficult. This complexity is illustrated schematically 
in figure 3. After application, the pesticide can be 
discharged with surface runoff, lost to volatilization, 
or infiltrated into the soil. Within the root zone, part 
of the pesticide can undergo chemical or biological 
degradation, part may go to plant uptake, and part 
might leach into and percolate through the unsatur 
ated zone. A substantial portion also may be sorbed 
onto organic or clay materials. If the pesticide 
reaches the saturated zone, degradation normally is 
slowed considerably (Severn, 1987), and subsequent 
distribution probably is determined largely by flow 
patterns prevailing within the aquifer. The great 
number of possible combinations of pesticides, their

Assessment of Nonpoint-Source Contamination, High Plains Aquifer, Kansas C5



characteristics, and a variety of hydrologic conditions 
severely restrict the ability to predict the effects of 
pesticides on ground-water quality.

Due to increased awareness of ground-water con 
tamination by pesticides during the last few years, 
several Midwestern States have conducted surveys to 
begin defining and monitoring the problem. Most of 
the data from these surveys are available but unpub 
lished. Pesticides targeted for study vary by State, 
but the most common are alachlor, aldicarb, atrazine, 
carbofuran, cyanazine, metolachlor, metribuzin, and 
2,4-D. The surveys generally have not systematically 
evaluated the nonpoint-source contamination prob 
lem, but they have provided initial indications of pes 
ticide occurrences in ground-water supplies. Some of 
the largest concentrations detected probably represent 
localized point-source problems.

U.S. Environmental Protection Agency data from 
1984 show that 58 out of 1,736 samples (3 percent) 
collected from water wells across Kansas between 
1972 and 1984 had detectable pesticide concentra 
tions. The most common pesticides detected were 
2,4-D, aldrin, dieldrin, and dacthal. A study by 
Koelliker and others (1987) involved a 1985-86 ran 
dom sampling of 103 farmstead wells in Kansas, of 
which 9 percent had detectable pesticides. Atrazine 
was the most frequent, with concentrations as large 
as 7.4 jig/L (micrograms per liter). Other pesticides, 
detected only once, were alachlor, chlordane, hep- 
tachlor epoxide, picloram, 2,4-D, and 2,4,5-T. Piclo- 
ram concentration was 5.6 ji/L, and concentrations of 
other compounds were less than 1.3 Jlg/L. Perry and 
others (1988) summarized agricultural-chemical use, 
factors affecting leaching, and ground-water quality 
assessments in Kansas. Those authors reported that 
56 wells in areas of permeable soils and shallow 
water table were sampled and analyzed for triazine 
herbicides during 1985-86, and that these herbicides 
were detected in 20 percent of the samples, with 
atrazine again being the most frequent.

The common practice of irrigation inadvertently 
aids in the leaching of pesticides and thus might be 
an important factor affecting pesticide migration. 
Luckey and others (1986) estimated that return flows 
to the water table from irrigation on the High Plains 
are substantial and might be as much as 30-50 per 
cent of pumpage withdrawal. Concern has developed 
regarding the practice of chemigation (application of 
agricultural chemicals by injection into irrigation 
water and distribution through the irrigation system)

in intensively irrigated areas in many parts of Kansas 
(Genna Ott, Kansas Department of Health and Envi 
ronment, written commun., 1984). Direct potential 
for contamination exists due to back-siphoning of 
chemicals into the supply well if the pump apparatus 
is not properly equipped with a backflow-prevention 
device. Also, chemicals could contaminate the aqui 
fer as a result of defective well construction. Analy 
ses of water from 138 chemigation wells in 1988 
showed detectable pesticides in 4 percent of the 
samples. However, the chemigation process itself 
does not appear to result in a greater incidence of 
contamination (Perry and Anderson, 1991).

Pesticide compounds vary considerably in their 
persistence characteristics in the subsurface environ 
ment. Half-lives in soil are on the order of weeks or 
months for many pesticides, but might be much 
longer in the saturated zone. Study of a point-source 
contamination problem near Hesston, Kansas (Perry, 
1990), determined half-lives in the saturated zone on 
the order of years for atrazine and other herbicides. 
The potential for long-term persistence also is dem 
onstrated by results of stream-water analyses; for 
example, H.E. Bevans (U.S. Geological Survey, 
written commun., 1989) reports atrazine in the base 
flow of northeastern Kansas streams, reflecting trans 
port through the ground-water system that probably 
took years.

An initial reconnaissance sampling of part of the 
study area described in this report was done in August 
and September of 1984 (Stullken and others, 1987). 
Thirteen samples were collected from wells in areas of 
irrigated cropland, and 14 samples were collected from 
areas of rang el and. Analyses were performed for sev 
eral classes of pesticides: triazine and other nitrogen- 
containing herbicides, chlorophenoxy-acid herbicides, 
and carbamate, organochlorine, and organophosphate 
insecticides. The only pesticides detected were 2,4-D, 
atrazine, and propazine. The herbicide 2,4-D was 
reported in 23 of the 27 samples, atrazine was detected 
in 2 samples, and propazine was detected in 1 sample. 
All concentrations were small, with the largest being 
0.20 ^ig/L for atrazine.

Petroleum-Production Contaminants

Hydrocarbons, a large group of organic com 
pounds with widely varying properties, typically are 
associated with petroleum-related activities. Virtually 
no documentation of nonpoint-source hydrocarbon

C6 Analysis of Nonpoint-Source Ground-Water Contamination in Relation To Land Use



contamination of ground water exists. Recognition of 
the potential for contamination on a regional scale is 
based mainly on conceptual inference in combination 
with a few instances of reported hydrocarbon occur 
rence in ground water.

The extent of petroleum production in Kansas 
(fig. 4) is indicative of the potential regional effect of 
this activity on water quality of the High Plains aqui 
fer. Surface areas affected by petroleum production 
range from about 0.1 acre containing a single well to 
large tracts devoted exclusively to petroleum-related 
operations such as refining and storage. Brine pro 
duced in conjunction with oil is the major potential 
ground-water contaminant in Kansas in terms of 
volume generated (Power, 1982). According to the 
Kansas Department of Health and Environment 
(1982), an average of 23 bbl of brine accompanies 
each barrel of oil produced. Most of the brine cur 
rently produced is reinjected into the producing zone 
or other saltwater-bearing formations. Prior to the 
1960's, however, it was not an uncommon practice 
to dispose of oil-field wastes (mostly brine) into 
shallow, unlined pits. The attendant potential con 
tamination problem has long been recognized (Frye 
and Brazil, 1943). Infiltration of the wastes through

the soil and into the freshwater of the underlying 
aquifer (fig. 5) has been documented. Leonard and 
Berry (1961) described such a contamination prob 
lem northwest of the study area, in Ellis County (fig. 
2). In western Harvey and eastern Reno Counties 
(within the study area), brine contamination of 
ground water originated from former disposal pits, a 
leaky pipeline collection system, and possibly in 
response to increased hydraulic pressure from below 
the aquifer caused by brine injection (Burrton Task 
Force, 1984).

Because brine is in direct contact with petroleum 
during production, some hydrocarbons are present in 
the brine during disposal. Thus, where ground water 
has been affected by improper disposal of oil-field 
brine, hydrocarbons from the associated petroleum 
also might constitute contaminants. Volatile organic 
compounds occasionally have been detected in 
ground-water samples collected in Kansas. In the 
1985-86 sampling of 103 farmstead wells, 2 percent 
had detectable volatile organic compounds (Koelliker 
and others, 1987). Many sources for such compounds 
exist, and oil-production activity is one possibility. 
The existence and extent of this problem currently is 
unknown.

96°
95°

Counties containing
the study area o 20 40 eo KILOMETERS

Figure 4. Locations of oil and gas fields, shown in black, in Kansas, 1983. Modified from Steeples and Buchanan (1983),
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Figure 5. Movement of brine from an unlined brine-disposal pond. Modified from Leonard and Berry (1961).

STUDY APPROACH AND METHODS

The study of nonpoint-source contamination 
entails: (1) characterization of the contaminant 
sources; (2) consideration of factors relevant to the 
development and assessment of contamination; 
(3) formulation of an appropriate sampling design and 
sampling procedures for collection of pertinent and 
representative data; and (4) application of statistical 
methods to evaluate the importance of relevant 
factors.

Characterization of Contaminant Sources

The types of contaminants examined in this study 
have different origins that can be characterized in 
terms of land use. Attention to land use is paramount 
for maintaining consistency with the overall program 
emphasis of defining relations between ground-water 
quality and prevailing human activities (Helsel and 
Ragone, 1984). Quantification of contaminant sources 
probably would be done best on the basis of chemical- 
application volumes (of pesticides on agricultural 
land) and disposal volumes (of petroleum-derived 
hydrocarbons on petroleum-production land). How 
ever, such data are limited, thereby precluding a quan 
titative appraisal of contamination in the study area.

Agricultural Land

The regional occurrence of pesticides in ground 
water was defined in reference to agricultural land use. 
Nearly the entire area is cropland or rangeland (fig. 2);

the largest nonagricultural areas are a wildlife refuge 
and principal communities. Attention was directed to 
areas of irrigated cropland and rangeland; both of these 
types of land receive pesticide applications (although 
irrigated cropland receives much more), with irrigation 
increasing the potential for downward leaching of 
chemicals.

Some general information about pesticide applica 
tions is available. Nilson and Johnson (1980) assem 
bled 1978 pesticide-use data for multicounty areas 
within Kansas; Perry and others (1988) also summa 
rized these data. During 1978, 28.1 million pounds of 
active pesticide ingredients were applied statewide. 
Herbicides accounted for 85 percent of the total, and 
atrazine was the most intensively used (21 percent of 
the total). In terms of acreage, 2,4-D was the most 
extensively applied.

Atrazine and 2,4-D were the two most intensively 
used pesticides in south-central Kansas (Perry and 
others, 1988), the region that approximately coincides 
with the study area. During 1978, application of atra 
zine exceeded 370,000 Ib (mostly on sorghum or 
corn), and application of 2,4-D exceeded 400,000 Ib 
(mostly on pasture and rangeland). These herbicides 
have been detected in ground-water samples from the 
area (Stullken and others, 1987; Bevans, 1989) and, 
therefore, are the principal pesticides considered in 
this study.

Petroleum-Production Land

The regional occurrence of hydrocarbons in 
ground water was defined in reference to petroleum- 
production land use in the study area. Petroleum-
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derived hydrocarbons might have accompanied 
brines as they percolated downward from former 
brine-disposal ponds. Most petroleum-production 
activity is located within designated oil fields rang 
ing in size from a fraction of a square mile to several 
square miles or larger. Virtually all disposal ponds 
also are situated within the boundaries of the fields; 
therefore, these oil fields form a logical frame of ref 
erence for studying water quality that might be 
related to this activity.

Amounts of organic contaminants that might be 
associated with the brines are unknown. Reported 
rates of brine disposal at pond locations are available 
and could indicate relative potential for hydrocarbon 
contamination. Concentrations of hydrocarbons in 
the brines, however, could vary considerably depend 
ing on the brine-oil ratio and effectiveness of the 
separation process.

Factors Relevant to the Development and 
Assessment of Contamination

Many factors might affect the development and 
assessment of nonpoint-source contamination. Factors 
considered most important to the design of this study 
were land use, unsaturated-zone lithology, and type of 
well sampled.

Land Use

Regional ground-water quality was characterized 
in relation to predominant land use. Discrete areas of 
3-10 mi were identified as irrigated cropland, 
petroleum-production land, and virtually undeveloped 
rangeland (fig. 6). This size was considered appropri 
ate for establishing associations between contaminant 
occurrence and prevailing land use in view of the 
slow movement of ground water. Regional lateral- 
flow velocity generally is less than 1 ft/d (Stullken 
and others, 1987). During the last few decades, when 
most contamination has occurred, ground water would 
not have moved much beyond these areas; therefore, 
ground-water quality can be related to general areas 
of overlying land use. Delineation of the areas as 
narrow, elongated shapes was avoided to decrease the 
possibility that sampled ground-water quality does not 
reflect the overlying land use because of displacement 
by regional flow.

The discrete land-use areas were outlined so as to 
be as mutually exclusive as possible, because spatial

independence is important for distinguishing overall 
ground-water quality. Accordingly, areas of irrigated 
cropland were chosen that do not overlap with oil 
fields; areas of petroleum-production land were delin 
eated to contain as little irrigated cropland as possible 
(that is, rangeland predominates except for the sites 
containing oil wells and associated structures); and 
areas of undeveloped rangeland were outlined to 
exclude irrigated cropland and oil fields.

Although pesticides are applied to some rangeland, 
1978 data from Nilson and Johnson (1980) showed 
that only about 7 percent of pasture and rangeland 
received applications. Fertilizer use on rangeland also 
is limited (P.D. Ohlenbusch, Kansas State University, 
written commun., 1990). Therefore, rangeland is 
mostly undeveloped and serves as a useful control 
category for establishing baseline conditions.

Landsat satellite imagery for late July and early 
August of 1984 was selected as the primary tool for 
delineating agricultural land-use areas. Imagery for 
this period had virtually no cloud-cover interference 
and provided sufficiently recent land-use information. 
Coverage was obtained from black-and-white band-2 
images containing tonal contrasts useful for identify 
ing irrigated crops at midsummer growth stages. 
Rangeland was mapped on the basis of textural and 
tonal qualities of the imagery with reference to 1974 
land-use maps prepared by the U.S. Geological Sur 
vey (1979a; 1979b; 1979c; 1979d). Relatively minor 
changes in rangeland distribution in the study area 
between 1974 and 1984 permitted the older informa 
tion to be used as an effective guide. Use of the older 
maps for identifying irrigated cropland was not possi 
ble, however, because irrigated and nonirrigated crop 
land are not differentiated on those maps.

For purposes of this study, areas of petroleum pro 
duction were chosen that exhibited collective occur 
rences of inactive brine ponds, those generally of 
pre-1957 construction from which leakage could be a 
residual problem and, thus, of importance to this 
study. Active ponds mostly are those installed after 
regulations requiring proper construction were 
imposed in 1957 and are unlikely to be sources of 
contamination. Active ponds are much fewer, and 
most are used only for temporary storage of brine 
before subsurface disposal through deep wells. Infor 
mation describing the locations of inactive brine- 
disposal ponds had to be obtained from the Kansas 
Corporation Commission because disposal methods 
were not used uniformly across oil-field areas; some 
production companies injected brine through deep
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Rgure 6. Discrete land-use areas delineated as a basis for ground-water sampling.

wells. The compilation of brine-pond locations is 
incomplete, but enough sections of land containing 
inactive ponds were identified to provide sufficient 
coverage in defining areas of pond aggregations. Sev-

Unsaturated-Zone Lithology

Another factor affecting the occurrence and distri 
bution of contaminants in the ground-water system is

era! contiguous sections of rangeland containing inac- the presence of fine-grained materials in the unsatur-
tive brine ponds and forming a discrete 3- to 10-mi2 ated zone, which can inhibit downward movement of
area were used to define a petroleum-production area. water and chemicals (fig. 5). Differences in ground-
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water quality associated with lithologic variations in 
the unsaturated zone could demonstrate the signifi 
cance of this factor on downward movement of con 
taminants to the aquifer.

Clay deposits are common at shallow depths 
within the study area, according to Stullken and 
Fader (1976), Sophocleous and Perry (1987), and 
other workers familiar with the area; however, the 
lithology has not been mapped. Lithologic mapping 
for this study was conducted using existing informa 
tion for the top 20 ft of the unsaturated zone (this 
interval comprises most of the unsaturated zone 
throughout the study area). The interpretation was 
based on about 80 gamma-ray logs and about 350 
descriptive logs available for the area. Although data 
were obtained from several different sources, it was 
possible to map generalized regional patterns of clay 
composition (fig. 7). However, because of the scar 
city of definitive log data in parts of the area and 
considerable local lithologic variability, the interpre 
tation contained only two categories clayey areas 
defined as containing at least 25 percent clay in the 
unsaturated zone (an arbitrary percentage assumed to 
represent enough clay to effectively inhibit down 
ward flow) and sandy areas containing less than 25 
percent clay. All delineated land-use areas then were 
identified as occurring in either a clayey or sandy 
area for the purpose of evaluating results in terms of 
unsaturated-zone lithology.

Type of Well Sampled

A further consideration in evaluating ground-water 
contamination is the source of the samples on which 
the description of water quality is based. Results 
might be dependent on the location and yield of the 
sampled well to the extent that: (1) the introduction of 
contaminants to the ground-water system is nonuni- 
form within the specified land-use area of concern, 
and (2) the distribution of contaminants within the 
aquifer is modified by the natural or induced hydrau 
lic conditions of the system. Nonuniform introduction 
of contaminants to the system can result from nonuni- 
form source distribution or spatial variations of 
factors that affect the movement or persistence of 
constituents in the subsurface. Variations in constitu 
ent concentrations with depth have been reported 
within the study area (Huntzinger and Stullken, 1988) 
and in the Nebraska portion of the High Plains aquifer 
(Chen and Druliner, 1987; Druliner, 1989). Local

conditions might have a substantial effect on ground- 
water quality at any given location. Site-specific defi 
nition of these complexities, however, is not practical 
for this regional assessment, necessitating a statistical 
sampling approach.

The type of well sampled could be particularly 
important in areas where irrigation water is withdrawn 
from large-yield wells (those yielding more than 
500 gal/min). Samples from irrigation wells, which 
typically are located within the irrigated fields, poten 
tially contain larger concentrations of an agricultural 
contaminant than do samples from small-yield wells 
(normally those that are drilled for domestic or stock 
use and yielding less than 30 gal/min) located away 
from the fields. Irrigation wells develop cones of 
depression directly beneath the areas of chemical 
application and potentially cause local recirculation of 
water and contaminants. In the initial reconnaissance 
by Stullken and others (1987), the only irrigation well 
sampled yielded water containing the largest pesticide 
concentration. Well yield generally is not relevant to 
characterization of ground-water quality beneath 
rangeland because of a lack of large-yield wells. 
Nonpoint-source contaminants beneath rangeland, 
whether agriculture or petroleum related, are less 
likely to be diverted from natural regional ground- 
water flow patterns.

Sampling Design and Procedures

Characterization and evaluation of nonpoint-source 
contamination based on regional sampling of ground 
water allows an evaluation of the significance of the 
selected factors previously discussed.

Sampling Design

The basic framework for sampling consists of the 
three discrete types of land use (fig. 6). These consist 
of 30 areas of irrigated cropland, 22 petroleum- 
production areas, and 22 areas of undeveloped range- 
land. The sampling plan was developed to enable the 
use of several modes of statistical comparison in 
terms of ground-water quality (fig. 8). The primary 
comparisons were among the three categories of land 
use. With regard to organic compounds, samples 
from irrigated cropland were compared with those 
from undeveloped rangeland for pesticide presence 
or concentrations, and samples from petroleum- 
production areas were compared with those from
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undeveloped rangeland for hydrocarbon presence or 
concentrations. All three types of areas were com 
pared in terms of inorganic constituents. Addition 
ally, comparisons based on unsaturated-zone 
Hthology were included to help recognize its effect 
on regional ground-water quality. All of these

comparisons were made using samples only from 
small-yield wells to minimize the effects of different 
well locations and yields. The effect of the type of 
well sampled was evaluated by comparing results 
from small-yield wells with those from irrigation 
wells in the areas of irrigated cropland.
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Accordingly, one small-yield well in each land-use 
area, and one irrigation well in each area of irrigated 
cropland, was selected randomly for sampling. Statis 
tically, the population from which each well was 
selected contained all similar wells (small-yield or 
irrigation, as appropriate) in that land-use area for 
which information is available. This information con 
sists of driller-submitted records for wells constructed 
after 1975. These records typically include location, 
well depth, construction data, and driller's log. The 
records verify that a given well was completed in the 
High Plains aquifer and provide information that 
could be pertinent to interpreting water-quality 
results. Although water-quality characteristics could 
vary with the depth of the well sampled, well depths 
in an area tend to be similar and results are assumed 
to be representative.

Random-number generation was used to select 
wells for sampling. If, for a particular land-use area, 
the well could not be located or sampled for any

reason, a different well was selected according to the 
random-number assignment. In areas having only a 
few wells with recorded information, inability to 
sample any of the candidate wells necessitated select 
ing an alternate well arbitrarily in the field. This 
entailed recording as much information about the well 
as possible based on an interview with the well user.

Sampling Procedures

Sampling was conducted during July 1987, a few 
weeks after the irrigation season (normally June to 
August) had begun. Each well was sampled once. 
Samples were taken only from wells that could be 
pumped long enough to ensure that untreated water 
was being obtained directly from the aquifer. Onsite 
determinations were made for specific conductance, 
pH, water temperature, and alkalinity. Samples were 
collected and prepared according to standard proce 
dures developed by Skougstad and others (1979) and 
sent to the U.S. Geological Survey Water Quality 
Laboratory in Arvada, Colo., for analysis.

In all cases, samples were to be analyzed for the 
presence of major inorganic ions and other inorganic 
constituents. Requested analyses for organic constitu 
ents, however, depended on the land-use area in 
which the sample was collected. In areas of irrigated 
cropland and rangeland, samples also were collected 
for analyses of triazine and other nitrogen-containing 
herbicides, and chlorophenoxy-acid herbicides. These 
classes of pesticides contain the chemicals most com 
monly applied and were the only pesticides detected 
during the 1984 reconnaissance sampling (Stullken 
and others, 1987).

In petroleum-production areas and rangeland, sam 
ples were collected for analysis by gas chromatography 
with flame-ionization detection (GC/FID scan). 
Descriptions of this procedure are given by Feltz and 
others (1986) and Stullken and others (1987). Without 
targeting specific organic compounds, the GC/FID 
scan is used as a screening procedure capable of detect 
ing a variety of organic compounds and is particularly 
suitable for detection of hydrocarbons. Results pro 
vided by the GC/FID scans are only semiquantitative 
and nonspecific (specific compounds are not identi 
fied). Subsequently, gas chromatography with mass 
spectrometry (GC/MS) was performed on selected 
samples to identify the organic compounds detected by 
the GC/FID scan.
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Table 1. Summary of selected water-quality data grouped according to land-use areas. 
[Based on data from small-yield wells. Units are in milligrams per liter. (<), less than]

Irrigated cropland Petroleum-production land Rangeland

Property or 
constituent

Hardness, as CaCO3
Alkalinity, total as

CaC03
Dissolved solids
Calcium
Magnesium
Sodium
Potassium
Sulfate
Chloride
Nitrite plus nitrate
Orthophosphorus

Maximum

520
300

900
160
30

100
5

440
140

18
.13

Minimum

110
40

140
34

3.2
5.8
1
7.8
2.9
<.10

.01

Median

180
150

240
60

7.1
23

3
22
14
6.8

.05

Maximum

570
420

1,120
180
35

200
9

150
460

23
.14

Minimum

90
77

149
31

2.5
8.5
1
9.1
3.2

.46

.01

Median

190
160

335
64

6.6
32

2
16
50

3.6
.06

Maximum

710
420

1,300
140
88

440
6

380
620

36
.49

Minimum

31
28

88
9.5
1.8
6.8

.9
10
2.7
1.1
.01

Median

130
100

180
44
4.0

13
2

15
7.9
3.4

.07

Statistical Testing

Data were analyzed by statistical hypothesis tests 
to identify associations between ground-water quality 
and land use or other selected factors. Statistical 
distributions for most chemical constituents were 
nonnormal and positively skewed, and nonparametric 
procedures were used for statistical testing. The two- 
tailed Wilcoxon-Mann-Whitney rank-sum test (Iman 
and Conover, 1983) is used for statistical comparison 
of two groups of data. For a given property or constit 
uent, the null hypothesis is that the median values or 
concentrations of the two groups are equal at a speci 
fied confidence level. The alternative hypothesis is 
that they are not equal. Rank-sum test results indicate 
at what confidence level the null hypothesis would be 
rejected, thus providing a measure of similarity or dis 
similarity between the two groups. In cases of strong 
dissimilarity, the group with the larger median value 
or concentration can be identified by the statistics of 
the distributions.

Contingency-table analysis is used to help evaluate 
data that are classified by two criteria (Iman and 
Conover, 1983). This method is applicable for trace 
organic constituents in this study because these data 
are analyzed in terms of their presence or absence. 
The null hypothesis for this test is that there is no 
association between a particular factor of interest and

the presence or absence of a particular constituent in 
the ground water at a specified confidence level. The 
alternative hypothesis is that there is an association.

RESULTS OF DATA ANALYSIS AND 
STATISTICAL TESTING

Results of water-sample analyses are presented in 
table 6 at the end of this report and are grouped 
according to the factors considered land use, 
unsaturated-zone lithology, and type of well sampled. 
Data analyses for inorganic constituents, pesticides, 
and hydrocarbons are considered separately accord 
ing to the appropriate statistical-testing procedures.

Inorganic Constituents

Results of the water-quality analyses show that 
most ground water in the sampled areas contains 
about 100-600 mg/L (milligrams per liter) of dis 
solved solids and that the water is generally hard to 
very hard (greater than 120 mg/L as CaCC^). The 
water is commonly a calcium bicarbonate type, but 
sodium and chloride are predominant ions in some 
areas.
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Figure 9. Concentrations of dissolved solids and selected major ions in water samples from small-yield wells, grouped 
according to land-use area (based on 30 irrigated-cropland samples, 22 petroleum-production-land samples, and 22 range- 
land samples).

Comparisons by Land Use

Examination of some of the statistical data 
(table 1) indicates that some variation in general

ground-water quality might be related to prevailing 
land use. Box plots arranged according to land use 
(fig. 9) allow clearer visual comparisons between 
medians and overall data distributions. For example,
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samples from small-yield wells in different land-use areas.

it is apparent that ground-water samples from 
petroleum-production land exhibit larger median 
concentrations of dissolved solids, calcium, sodium, 
and chloride than do samples from irrigated cropland 
or rangeland. Samples from rangeland exhibit 
smaller median concentrations of dissolved solids, 
calcium, sodium, and chloride than do samples from 
the other two land-use areas.

The rank-sum test was used to compare each pair 
of the three land-use areas in terms of median values 
for properties (pH, water temperature, hardness, and 
alkalinity) and inorganic-constituent concentrations. 
The results are illustrated by plotting test confidence 
levels that exceed 80 percent (fig. 10). For several 
properties and constituents, these confidence levels 
exceed 95 percent, a commonly cited level that is 
used in this report to define statistically "significant" 
differences between groups. At that confidence level, 
concentrations of hardness, alkalinity, calcium, mag 
nesium, potassium, fluoride, and nitrite plus nitrate 
are significantly larger beneath areas of irrigated crop 
land than beneath areas of rangeland. Iron concentra 
tions are significantly larger beneath rangeland than 
beneath irrigated cropland. Values of pH, and concen 
trations of hardness, alkalinity, dissolved solids,

sodium, and chloride are significantly larger beneath 
petroleum-production land than beneath rangeland. 
Concentrations of nitrite plus nitrate are larger 
beneath irrigated cropland than beneath petroleum- 
production land. Concentrations of iron are signifi 
cantly larger beneath petroleum-production land than 
beneath irrigated cropland.

Comparisons by Unsaturated-Zone Lithology

Comparisons of samples grouped on the basis of 
clayey or sandy unsaturated-zone lithology were 
made for each land-use area. Box plots of concen 
trations of major inorganic constituents in clayey and 
sandy areas generally show similarities within any 
given land-use area. An example set of box plots is 
shown for irrigated-cropland data in figure 11.

The rank-sum test was used to test individual 
water-quality characteristics between clayey and 
sandy unsaturated-zone areas. Results indicated few 
statistically significant differences (fig. 12), none of 
which involved major constituents. In irrigated crop 
land, concentrations of silica and orthophosphoras 
were significantly larger in clayey areas than in sandy 
areas. In petroleum-production land, no significant
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Figure 11. Concentrations of dissolved solids and selected major ions in water samples from small-yield wells in areas of 
irrigated cropland, grouped according to unsaturated-zone lithology (based on 18 clayey-area samples and 12 sandy-area 
samples).
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Figure 12. Confidence levels of differences between median property values or inorganic-constituent concentrations in water 
samples from small-yield wells in areas of clayey and sandy unsaturated-zone lithology, grouped according to land-use areas.

differences were evident between clayey and sandy 
areas. In rangeland, iron concentrations were larger in 
clayey areas than in sandy areas at the 94-percent 
confidence level.

Testing of the data representing only irrigation 
wells in irrigated cropland (fig. 13) revealed two 
significant differences: (1) pH was greater in samples 
from areas of clayey unsaturated-zone lithology, and 
(2) noncarbonate hardness was greater in samples 
from areas of sandy unsaturated-zone lithology.

The lithology factor also was assessed by repeat 
ing comparisons between land-use areas, but this 
time according to subdivisions of unsaturated-zone 
lithology. In comparing irrigated-cropland samples 
with rangeland samples, it was previously noted that 
concentrations of several major constituents were 
significantly larger in the irrigated-cropland samples 
(fig. 10). Rank-sum tests applied only to the data 
from areas of clayey unsaturated-zone lithology indi 
cated significant differences only for concentrations 
of nitrite plus nitrate (larger in irrigated cropland) 
and iron (larger in rangeland) (fig. 14A). Previous 
trends were repeated, however, when tests were 
applied to the data from areas of sandy unsaturated- 
zone lithology.

The same procedure was applied to the other two 
land-use comparisons. As with the comparisons of 
irrigated cropland with rangeland, most significant dif 
ferences in the comparisons of petroleum-production 
land with rangeland were in areas of sandy unsatur 
ated-zone lithology (fig. 14B). However, the contrast 
between areas of clayey and sandy unsaturated-zone 
lithology was not evident in the comparisons of 
irrigated cropland with petroleum-production land 
(fig. 15). The undifferentiated comparisons of these 
two land-use areas (fig. 10) indicated significantly 
larger concentrations of nitrite plus nitrate in irrigated 
cropland and significantly larger concentrations of 
iron in petroleum-production land.

Comparisons by Type off Well Sampled

Testing for differences in inorganic ground-water 
quality according to type of well sampled was 
limited to the areas of irrigated cropland. Box plots 
of concentrations of major constituents show no 
obvious contrasts between data from small-yield 
wells and data from irrigation wells (fig. 16). The 
rank-sum test, however, indicated two significant
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Figure 13. Confidence levels of differences between medi 
an property values or inorganic-constituent concentrations in 
water samples from irrigation wells in areas of clayey and 
sandy unsaturated-zone lithology.

differences: temperature and concentrations of ortho- 
phosphorous are significantly larger in the samples 
from small-yield wells (fig. 17).

Pesticides

AH samples except those from petroleum- 
production areas were analyzed for triazine and other 
dtrQgen-eontaming herbicides, and chlorophenoxy- 
acjd herbicides, Of the 82 samples analyzed, 12 con 
tained &t leait I detectable pesticide. From the results, 
which are summarized in table 2, it is apparent that

frequency of pesticide occurrence is related to land 
use; only one detection is noted for rangeland sam 
ples. However, any association between pesticide 
detection and either unsaturated-zone lithology or 
type of well sampled is not evident.

The small number of detections made value-based 
statistical comparisons of pesticides meaningless. 
Therefore, contingency-table analysis was used for 
statistical testing. Even when detected, pesticides 
were present only in trace amounts. Because atra- 
zine is the only pesticide that was detected more than 
twice (eight detections) and was present in the larg 
est concentrations (up to 3.8 |ig/L), the remainder of 
this section will be limited to an analysis of atrazine 
occurrence. The areal distribution of detections of 
atrazine is shown in figure 18.

Comparisons by Land Use

In accordance with the statistical-comparison 
framework (fig. 8), only data from small-yield wells 
(but from both types of unsaturated-zone lithology) 
were used for land-use comparisons. The contingency- 
table test was used to compare the frequency of atra 
zine detection beneath irrigated cropland (4 out of 30 
samples) to the frequency of detection beneath range- 
land (1 out of 22 samples). The test determined a 71- 
percent confidence level, demonstrating no significant 
association between atrazine occurrence and land use.

Comparisons between land-use areas also were 
made on the basis of unsaturated-zone lithology. No 
significant difference was indicated between land-use 
areas with a clayey unsaturated-zone lithology. 
However, a significant difference was indicated for 
areas with a sandy unsaturated-zone lithology: 
atrazine was detected beneath irrigated cropland in 3 
out of 12 samples, but was not detected beneath 
rangeland.

Comparisons by Unsaturated-Zone Lithology

Contingency-table tests used to make comparisons 
of the frequency of atrazine detection in areas of irri 
gated cropland according to unsaturated-zone lithol 
ogy indicated no significant associations with this 
factor. Testing of the data from rangeland samples 
was not appropriate because of an insufficient num 
ber of atrazine detections.
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Table 2. Frequency of detections of pesticides in ground-water samples from irrigated cropland and rangeland, grouped ac 
cording to unsaturated-zone lithology and type of well sampled.

Land-use area
(type of well

sampled)

All data
Irrigated cropland:

Small-yield wells
Irrigation wells

Rangeland
Clayey unsaturated-
zone lithology
Irrigated cropland:

Small-yield wells
Irrigation wells

Rangeland
Sandy unsaturated-
zone lithology
Irrigated cropland:

Small-yield wells
Irrigation wells

Rangeland

Number of
samples

30
30
22

18
18
9

12
12
13

Alachlor

0
1
0

0
0
0

0
1
0

Atrazine

4
3
1

1
2
1

3
1
0

Metolachlor

0
2
0

0
1
0

0
1
0

Propazine

1
1
0

1
1
0

0
0
0

Trifluralin

1
1
0

0
1
0

1
0
0

2,4-D

1
0
0

1
0
0

0
0
0

Other
triazine and

chlorophenoxy-
acid

herbicides

0
0
0

0
0
0

0
0
0

Comparisons by Type of Well Sampled

The contingency-table test determined a 69-per 
cent confidence level when comparing atrazine in 
samples from small-yield wells to samples from 
irrigation wells using data from irrigated cropland, 
demonstrating no significant association between 
atrazine occurrence and type of well sampled. Test 
ing of the data according to clayey or sandy unsatur 
ated-zone lithology likewise indicated no significant 
association with type of well sampled.

Hydrocarbons

GC/FID scans were made on methylene-chloride 
extracts of the 22 samples from petroleum-production 
areas and 23 samples from rangeland (one additional 
rangeland sample was analyzed by GC/FID, as com 
pared with analyses for inorganic constituents and 
pesticides). Selected samples were analyzed by 
GC/MS; however, the very small concentrations

prevented identification of compounds. Therefore, 
this effort focused mainly on the output from GC/FID 
chromatograms and associated information from labo 
ratory reports, which were analyzed in several ways to 
evaluate hydrocarbon occurrence.

Chromatogram Interpretation

A chromatogram for one of the samples is shown 
in figure 19. The horizontal axis represents retention 
time of elution (heavier compounds, those with 
greater molecular weight, generally elute later than 
lighter compounds). Each peak represents an individ 
ual compound. The area under a peak (and, for 
practical purposes, vertical height of the peak) is pro 
portional to the concentration of the compound repre 
sented by the peak. This method was used to estimate 
total concentrations of methylene-chloride-extractable 
compounds (excluding surrogate and internal-standard 
compounds added to the sample at the laboratory). 
These estimates (concentrations as perdeuteronaph- 
thalene) were reported by the laboratory as ranging

C20 Analysis of Nonpoint-Source Ground-Water Contamination in Relation To Land Use



A. Irrigated cropland and rangeland

1  1 

-f

  r-

MM

pH 

Temperature 

Hardness 

Hardness (noncarbonate) 

Alkalinity 

Dissolved solids 

Calcium 
Magnesium 

Sodium 

Potassium 

Sulfate 

Chloride 

Fluoride 
Silica 

Nitrite plus nitrate 

Orthophosphorus 

Iron

Manganese
|__ _J

MM

     1 
1

 1m

pH 

Temperature

Hardness 

Hardness (noncarbonate)

Alkalinity 
Dissolved solids

Calcium 
Magnesium

Sodium

Potassium

Sulfate

Chloride

Fluoride
Silica

Nitrite plus nitrate 
Orthophosphorus

Iron 

Manganese

MM

MM

1

   

 1  

100 90 80 80 90 100 

CONFIDENCE LEVEL, IN PERCENT

100 90 80 80 90 

CONFIDENCE LEVEL, IN PERCENT

100

Median value or 
concentration larger 
in areas of 
irrigated cropland

Median value or 
concentration larger 
in areas of 
rangeland

CLAYEY UNSATURATED-ZONE LITHOLOGY

Median value or 
concentration larger 
in areas of 
irrigated cropland

Median value or 
concentration larger 
in areas of 
rangeland

SANDY UNSATURATED-ZONE LJTHOLOGY

B. Petroleum-production land and rangeland

I
-MM

pH 

Temperature 

Hardness 

Hardness tnoncarbonate} 

Alkalinity 

Dissolved solids 

Calcium 
Magnesium 

Sodium 

Potassium 

Sulfate 

Chloride 

Fluoride 
Silica 

Nitrite plus nitrate 

Orthophosphorus 

  Iron 

Manganese

 

  

1-  

-mm
-  

-  

  H

-mm

MM

MM 

MM

MM 

MM

MM

pH 

Temperature 

Hardness 

Hardness (noncarbonate] 

Alkalinity 
Dissolved solids 

Calcium 
Magnesium 

Sodium 

Potassium 

Sulfate 

Chloride 

Fluoride 
Silica 

Nitrite plus nitrate 

Orthophosphorus 

Iron 

Manganese

MM

1

   

100 90 80 80 90 

CONFIDENCE LEVEL, IN PERCENT

100 100 90 80 80 90 

CONFIDENCE LEVEL, IN PERCENT

100

Median value or 
concentration larger 
in areas of
petroleum-production 
land

Median value or 
concentration larger 
in areas of 
rangeland

CLAYEY UNSATURATED-ZONE LITHOLOGY

Median value or 
concentration larger 
in areas of
petroleum-production 
land

Median value or 
concentration larger 
in areas of 
rangeland

SANDY UNSATURATED-ZONE LITHOLOGY

Figure 14. Confidence levels of differences between median property values or 
inorganic-constituent concentrations in water samples from small-yield wells in 
different land-use areas, grouped according to unsaturated-zone lithology.
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Figure 15. Confidence levels of differences between median property values or inorganic-constituent con 
centrations in water samples from small-yield wells in areas of irrigated cropland and petroleum-production 
land, grouped according to unsaturated-zone lithology.

from 3.3 to 14 \Lg/L in samples from petroleum-pro 
duction areas and from 1.2 to 15 (lg/L in samples from 
rangeland.

Frequencies of occurrence of individual com 
pounds were determined by assuming that each peak 
at a particular retention time represented the same 
compound. Presence of a specific compound in a col 
lected sample was defined by whether its peak height 
was at least three times the height of corresponding 
peaks, if they existed, in the chromatograms of labora 
tory-blank samples (fig. 20).

Data describing relative heights of individual peaks 
on chromatograms also were compiled and analyzed 
as being representative of relative concentrations in 
the water. Peak heights were measured above the 
baseline of the chromatogram with the use of an arbi 
trary, but consistent, scale (fig. 21).

Comparisons by Land Use

The occurrence of hydrocarbons in relation to land 
use was evaluated first in terms of total concentrations 
of organic compounds as estimated based on total 
areas under the peaks of the chromatograms. Box 
plots (fig. 22) illustrate very similar distributions 
between estimated total concentrations of organic 
compounds in samples from petroleum-production 
areas and samples from rangeland, although median 
and quartile concentrations are larger in the samples 
from petroleum-production areas. The distributions 
were nonnormal and positively skewed. The rank-sum 
test for equality was rejected at the 84-percent confi 
dence level.

Comparisons of the frequency of occurrence of 
specific compounds (fig. 23) revealed only minor
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differences. The samples from petroleum-production 
areas showed a slightly smaller range of retention 
times and perhaps more of a tendency toward the 
presence of lighter compounds (smaller retention 
times) than the samples from rangeland. Contin 
gency-table analyses indicated that two specific 
compounds with retention times of 13.79 and 16.68 
minutes significantly occurred more frequently in 
samples from petroleum-production areas than in 
those from rangeland. At the 92-percent confidence 
level, the compounds with retention times of 19.23, 
21.83, and 30.93 occurred more frequently in samples 
from rangeland than from petroleum-production areas.

Relative peak heights for specific compounds also 
provided a means of comparison between land-use 
areas through the use of the rank-sum test. Although a 
large number of nondetections of most compounds 
limits the strength of the tests, a significant difference 
in peak height was indicated for one compound. This 
compound, with a retention time of 16.68 minutes, 
had higher peak heights (larger concentrations) in 
samples from petroleum-production areas than in 
samples from rangeland. This compound is one of the 
two compounds detected with a significantly greater 
frequency in petroleum-production areas according to 
the contingency-table analysis just described.

Comparisons by Unsaturated-Zone Lithology

Possible associations between hydrocarbon occur 
rence and unsaturated-zone lithology were considered 
by dividing data previously compared only by land 
use. Total organic-compound concentrations were 
compared using the rank-sum test between areas of 
clayey and sandy unsaturated-zone lithology. Differ 
ences were not significant within areas of either petro 
leum-production land or rangeland. When the land- 
use comparison was repeated as separate tests for 
areas of clayey and sandy unsaturated-zone lithology, 
notably different results were produced. The test for 
equality was rejected at only the 14-percent confi 
dence level for clayey lithology, but at the 92-percent 
confidence level for sandy lithology, with the larger 
concentrations occurring in petroleum-production 
areas.

The frequency of occurrence of individual peaks 
was compared by contingency-table testing in cases 
where the number of occurrences remained sufficient 
for valid results after dividing the data for each land- 
use area into unsaturated-zone lithology groups. The 
testing was possible for five peaks on chromato- 
grams for petroleum-production-land samples and 
one peak for rangeland samples. A significant asso 
ciation was indicated for one peak for petroleum- 
production-land samples; the compound with an 
11.60-minute retention time occurred more fre 
quently in clayey unsaturated-zone lithology. When 
data were divided into unsaturated-zone lithology 
groups and then compared by land use, a significant 
association was indicated for one compound; in the 
sandy unsaturated-zone lithology, the compound with
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a 16.68-minute retention time occurred more fre 
quently in petroleum-production areas.

Rank-sum-test comparisons of individual peak 
heights were done according to unsaturated-zone

lithology, but large numbers of nondetections again 
weakened the tests. Results indicated no significant 
differences within a given land-use category. How 
ever, land-use comparison tests again were repeated
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Table 3. Summary of statistical comparisons of median property values and inorganic-constituent concentrations in ground- 
water samples, grouped according to land-use areas, unsaturated-zone lithology, and type of well sampled.
P, irrigated cropland; P, petroleum-production land; R, rangeland; C, clayey unsaturated-zone lithology; S, sandy unsaturated-zone lithology; SW, small- 

yield wells; IW, irrigation wells; (--), median values or concentrations not significantly different at the 95-percent confidence level]

Sample group for which property value or constituent concentration is significantly greater at
the 95-percent confidence level

Property or Comparison by 
constituent land use only1

I P I 
and and and 

R R P

Comparison by 
unsaturated-zone 

lithology only

SW

I

C 
and 
S

P

C 
and 

S

R

C 
and 

S

IW

I

C 
and 

S

Comparison by land use and 
unsaturated-zone lithology2

C

1 P 1 
and and and 

R R P

S

1 P 1 
and and and 

R R P

Comparison by type of well 

sampled only3

SW 
and 
IW

pH
Temperature
Hardness
Hardness
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Dissolved solids
Calcium
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Potassium
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Chloride
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Iron
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1 Small-yield wells; clayey and sandy unsaturated-zone lithology.

2 Small-yield wells.

3 Irrigated cropland; clayey and sandy unsaturated-zone lithology.
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Table 4. Summary of statistical comparisons of atrazine detections in ground-water samples, grouped ac 
cording to land-use areas, unsaturated-zone lithology, and type of well sampled,
[Leaders (--), frequencies of detection not significantly different at die 95-percent confidence level]

Comparison basis
Sample group for which atrazine was detected with

significantly greater1 frequency fit the 95-percent
confidence level

By land use only
(Irrigated cropland and rangeland; small-yield wells; 
clayey and sandy unsaturated-zone lithology)

By unsaturated-zone lithology only 
(Clayey and sandy lithology; small-yield wells; areas of 
irrigated cropland) 1

By unsaturated-zone lithology only 
(Clayey and sandy lithology; irrigation wells; areas of 
irrigated cropland)

By land use and unsaturated-zone lithology 
(Irrigated cropland and rangeland; clayey unsaturated- 
zone lithology)

By land use and unsaturated-zone lithology 
(Irrigated cropland and rangeland; sandy unsaturated- 
zone lithology)

By type of well sampled only
(Small-yield wells and irrigation wells; areas of irrigated 
cropland; clayey and sandy unsaturated-zone lithology)

Irrigated cropland

1 Statistical test for areas of rangeland not possible because of insufficient number of atrazine detections.

as separate tests for clayey and sandy unsaturated- 
zone lithology. Results for the compound with a 
17.89-minute retention time showed only a 24-percent 
confidence level for rejection of equality in clayey 
lithology, but a 94-percent confidence level in sandy 
lithology, with larger concentrations in petroleum- 
production areas.

DISCUSSION OF RESULTS

Evaluation of the water-quality data and statistical 
comparisons allowed some inferences to be made with 
regard to the effects of prevailing land use on ground- 
water quality, the extent or scale of the effects, and the 
importance of unsaturated-zone lithology and type of 
well sampled as related to the occurrence of 
contaminants. Summaries of statistical comparisons 
for inorganic constituents, atrazine, and hydrocarbons 
are presented in tables 3-5, and results are discussed 
below according to land-use category. Selected results

also have been presented by Helgesen and Thurman 
(1988) and Helgesen and Rutledge (1989).

Irrigated Cropland

The quality of ground water beneath areas of irri 
gated cropland showed discernable effects of this 
land use. Relative to rangeland, larger concentrations 
of hardness, alkalinity, calcium, magnesium, potas 
sium, fluoride, and nitrite plus nitrate (table 3) reflect 
the movement of greater quantities of solutes down 
ward from the land surface to the saturated zone. 
Infiltration and percolation are expected to be greater 
on tilled land than on natural rangeland. Natural pre 
cipitation is supplemented by irrigation, which uses 
more mineralized water pumped from the High 
Plains aquifer. Evapotranspiration at the land surface 
and in the root zone further concentrates solutes in 
the water that leaches through the soil.

Larger concentrations of nitrite plus nitrate beneath 
irrigated cropland than beneath the other land uses
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Table 5. Summary of statistical comparisons of hydrocarbon-compound detections and relative concentrations in ground- 
water samples, grouped according to land-use areas and unsaturated-zone lithology.
[Leaders (-), frequency of detection not significantly different at the 95-percent confidence level]

Sample group for which hydrocarbon-compound detection frequency1 or concentration2 is 
significantly greater at the 95-percent confidence level

Comparison by unsaturated- Comparison by land use (petroleum- 
Comparison Comparison by zone lithology only (clayey production land and rangeland) and 

land use only and sandy lithology) unsaturated-zone lithology 
(petroleum-

production land 
and rangeland) Petroleum- Rangeland Clayey 

production land lithology
Sandy 

lithology

Total organic-compound 
concentration2

Frequency of detection Petroleum-production Clayey lithology 
of specific compounds 1 land (2 compounds) (1 compound)

Relative concentrations Petroleum-production 
of specific compounds2 land (1 compound)

Petroleum-production 
land (1 compound)

1 Based on contingency-table testing.
2 Based on rank-sum testing.

(table 3) probably result from the use of fertilizers. 
Relatively large fluoride concentrations might reflect 
the association of that constituent with a common 
phosphate-mineral component of fertilizer.

Pesticides, although commonly applied, were not 
detected frequently in ground water beneath irrigated 
cropland. The pesticides that were detected, espe 
cially atrazine, are relatively soluble and persistent. 
Although atrazine, when found, was nearly always 
beneath areas of irrigated cropland, differences in 
occurrence between land-use areas were not statisti 
cally significant except when data from areas of 
sandy unsaturated-zone lithology were tested 
separately (table 4).

Concentrations of most inorganic constituents 
beneath irrigated cropland showed no significant 
associations with regionally delineated unsaturated- 
zone lithology. Concentrations of silica and orthophos- 
phorus were significantly larger in clayey areas as 
compared to sandy areas; explanations for those differ 
ences are not evident. Although no other differences

can be related uniquely to unsaturated-zone lithology, 
some significant differences between irrigated crop 
land and rangeland are indicated if only the samples 
from sandy unsaturated-zone lithology in each land- 
use area are compared. These differences exist for 
hardness, alkalinity, magnesium, potassium, and fluo 
ride and also for atrazine.

Conclusions regarding the effects of unsaturated- 
zone lithology thus appear to depend on whether the 
lithology groups within irrigated cropland are being 
compared or irrigated cropland is being compared 
with rangeland using only sandy lithology. Reasons 
for these mixed results are unclear but could relate to 
the smaller sample size for the single land-use test and 
to the arbitrary nature of defining regional areas of 
clayey and sandy unsaturated-zone lithology. These 
considerations also may be factors relevant to nitrite- 
plus-nitrate and iron results from the clayey unsatur 
ated-zone lithology. Nitrite-plus-nitrate concentra 
tions were significantly larger beneath irrigated crop 
land than beneath rangeland based on data from
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Figure 19. Example of a chromatogram produced from analysis of a ground-water sample by gas chromatography with 
flame-ionization detection (GC/FID). Numbers are elution times for individual compounds.

clayey lithology but not sandy lithology. Iron concen 
trations were significantly larger beneath rangeland 
based on data from clayey lithology.

Despite its small-scale heterogeneity, lithology of 
the unsaturated zone is a factor to consider when 
assessing contamination. Easier downward move 
ment of water and solutes is favored in areas of sandy 
unsaturated-zone lithology; the sandier material prob 
ably also makes atrazine less susceptible to sorption.

Processes of degradation and sorption probably are 
important in preventing most pesticides from reach 
ing the saturated zone. At the time of the 1987 
sampling, procedures were not available for analyzing 
degradation products of atrazine. Recently, degrada 
tion products of atrazine produced by bacterial action 
have been identified in samples from sites within this 
study area and elsewhere in Kansas (E.M. Thurman, 
U.S. Geological Survey, written commun., 1989) and 
in Nebraska (A.D. Druliner, U.S. Geological Survey, 
written commun., 1989). Sorption apparently is an 
important factor affecting the distribution of pesti 
cides in soil profiles within this study area (Rutledge 
and Helgesen, 1990) and near Topeka, Kansas (Perry, 
1991). Large atrazine concentrations in soils tend to 
be associated with horizons particularly rich in 
organic materials. Huang and others (1984) report

that even nonorganic and nonclay fractions of a soil 
may be significant in atrazine adsorption.

Application of a simple mathematical model (Rut- 
ledge and Helgesen, 1989) demonstrates the impor 
tance of degradation and sorption on the transport 
and fate of pesticides in the unsaturated zone. The 
model calculates pesticide residence time and also 
the fraction of pesticide remaining in solution as a 
function of depth. Results of simulations using data 
representative of the study area indicate that several 
years are required for movement of relatively mobile 
pesticides such as atrazine and 2,4-D through the 
unsaturated zone, and that the fractions remaining in 
solution at 20 or 30 ft below the surface (typical 
depths to the water table in the study area) are very 
small. These results are consistent with the observed 
infrequency of detection of nondegraded pesticides in 
the ground water of the study area.

Concentrations of inorganic constituents and atra 
zine were similar between ground water beneath irri 
gated fields (collected from large-yield irrigation 
wells) and ground water away from the fields but 
still within areas defined as irrigated cropland (col 
lected from small-yield domestic or stock wells). 
This similarity indicates a predominance of regional 
flow over the process of recirculation of water (and
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Figure 20. Chromatograms for a collected ground-water 
sample and a laboratory blank that were compared to identify 
peaks representing organic compounds present in the 
sample. The three black markers in the top chromatogram 
indicate compounds found in the ground-water sample. 
Numbers are elution times for individual compounds.

solutes) within cones of depression beneath irrigated 
fields. Seasonal development of individual cones of 
depression generally do not maintain enough of a 
continuous diversion of water away from the regional 
flow pattern to establish isolated areas of anomolous 
water quality around irrigation wells. Regionally, 
although lateral solute transport is slow enough to 
allow identification of some associations between 
water quality and prevailing land use in discrete 
areas of several square miles, it apparently is
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Figure 21 . Measuring peak height to determine relative 
concentration of an organic cqmpQund in a ground-wittr 
sample. Numbers are elution times for individual corn- 
pounds.

sufficiently rapid so that water quality within these 
areas is relatively homogeneous.

Water temperatures and orthophosphorus concen 
trations both were significantly larger in samples from 
small-yield wells than from irrigation wells (table 3). 
The higher water temperatures probably were relatexl 
to the collection point; samples commonly were col 
lected from taps within farmstead pipe systems where 
some warming occurred. The orthophosphorus con 
centrations might be attributable to animal wastes 
associated with the farmsteads. Lack of a significant 
difference between concentrations of nitrite plus 
nitrate in samples from small-yield and irrigation 
wells might reflect parallel increases due to animal 
wastes at the farmsteads and fertilizers in the fields.

Petroleum-Production Land

In petroleum-production areas containing aggrega 
tions of former brine-disposal ponds, the quality of
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Figure 22. Estimated total concentrations of organic compounds in ground-water samples 
from small-yield wells in petroleum-production areas and rangeland (based on 22 petroleum- 
production-land samples and 23 rangeland samples).

underlying ground water generally appears to be 
affected only by inorganic constituents. The pH 
level, and concentrations of hardness, alkalinity, dis 
solved solids, sodium, and chloride significantly 
exceeded concentrations representative of ground 
water beneath rangeland (table 3). These differences 
probably reflect the percolation of brines from leaky 
disposal ponds downward to the aquifer. As gener 
ally was the case with irrigated cropland, significant 
ground-water-quality characteristics associated with 
petroleum-production land are recognizable in sandy 
unsaturated-zone lithology but not in clayey unsatur- 
ated-zone lithology.

Comparison of ground-water quality beneath 
petroleum-production land with that beneath irrigated 
cropland indicates few statistically significant differ 
ences at the 95-percent confidence level. However,

larger concentrations (at a greater than 85-percent 
confidence level) of dissolved solids, sodium, and 
chloride beneath petroleum-production land (fig. 10) 
might indicate that brine wastes have a greater effect 
than irrigated-crop production on inorganic ground- 
water quality.

Organic compounds detected by GC/FID scans 
generally are present in ground water beneath petro 
leum-production land at trace concentrations compa 
rable to those beneath undeveloped rangeland, with 
total concentration! m large as 15 jig/L (fig. 22). 
The characteristics of occurrence of organic com 
pounds associated with these two land-use categories 
are not very different in terms of total concentration, 
frequency of occurrence of most specific compounds, 
or relative concentration of most specific compounds 
(table 5). The few significant differences related to
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Figure 23. Frequencies of occurrence of individual organic 
compounds in petroleum-production areas and rangeland, 
based on gas-chromatograph retention time.

specific organic compounds indicate more frequent 
detection of relatively lighter weight compounds in 
petroleum-production areas.

Hydrocarbons have not been introduced into the 
ground-water system in any way that constitutes 
identifiable nonpoint-source contamination. Either 
negligible amounts of oil-derived hydrocarbons are 
associated with the formerly disposed brines or, more 
likely, these compounds are attenuated by sorption 
and microbial digestion in the unsaturated and satu 
rated zones.

Rangeland

Ground-water quality beneath most rangeland 
areas of sufficiently large extent (several square 
miles) probably approaches baseline (or predevelop- 
ment) conditions for the study area. However, large 
contiguous areas of rangeland, or any other land use, 
are rare; land use in much of this region is quite inter 
mixed, so that the presence of true baseline conditions 
might be rare.

Concentrations of dissolved solids and some major 
inorganic constituents were significantly smaller 
beneath areas of rangeland than beneath areas of irri 
gated cropland or petroleum-production land. No 
major-ion concentrations were significantly larger 
beneath rangeland than beneath other land-use areas. 
Increased concentrations of dissolved solids or major 
inorganic constituents that occurred at particular loca 
tions beneath rangeland probably can be attributed to 
lateral flow into the area from nearby areas of crop 
land or petroleum-production land.

Although pesticides are applied on some range- 
land, there was only one pesticide detection in the 
July 1987 sampling of water from rangeland wells. 
That compound was atrazine, and it probably accom 
panied lateral ground-water flow from a nearby area 
of cropland, because the sample also contained a 
relatively large concentration of nitrite plus nitrate, 
which probably was related to fertilizer application. In 
the initial reconnaissance of 1984, the herbicide 
2,4-D was reported in 23 out of the 27 samples col 
lected from rangeland and irrigated cropland (Stullken 
and others, 1987). The expanded sampling of 1987 
resulted in only 1 detection of 2,4-D (in a sample 
from irrigated cropland) out of 82 samples, although 
none of the wells sampled in 1984 were resampled in 
1987. This ratio indicates a general absence of 2,4-D 
in the ground water of the study area, and the 1984 
survey results are considered questionable.

Trace concentrations cf many organic compounds 
are present in the ground water beneath rangeland, as 
inferred from results of the GC/FID scans. Concen 
trations were too small to allow compound identifica 
tion, but their general occurrence suggests that they 
are naturally occurring organic compounds dissolved 
from the soil or aquifer materials through which the 
water has moved. Although the primary purpose of 
the GC/FID scans was to identify possible petroleum- 
related hydrocarbons, three specific (relatively 
heavier weight) compounds occurred more frequently
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(at the 92-percent confidence level) beneath range- 
land than beneath petroleum-production land.

The effect of regionally delineated unsaturated- 
zone lithology was not evident in ground water 
beneath rangeland in terms of major inorganic constit 
uents, pesticides, or hydrocarbons. This could be due, 
at least partly, to the fact that the rangeland is unde 
veloped and poses relatively minor contamination 
potential at or near the land surface. In areas of 
clayey unsaturated-zone lithology, relatively large 
concentrations of iron were detected in rangeland 
samples; no explanation for this condition is apparent.

SUMMARY AND CONCLUSIONS

Nonpoint-source contamination of a 5,000-mi2 
area of the High Plains aquifer in south-central 
Kansas was assessed as part of the U.S. Geological 
Survey's Toxic Waste Ground-Water Contamina 
tion Program. Typical of much of the Midwest, the 
study area is dominated by agricultural land use and 
also supports petroleum-production activities. Pesti 
cides and petroluem-derived hydrocarbons organic 
contaminants that pose potential ground-water con 
tamination problems were of particular interest to 
this study. Pesticide application is a common agricul 
tural practice. Hydrocarbons might occur with brines 
formerly produced with oil and disposed into unlined 
ponds. The study area contains permeable soils and a 
generally shallow water table, making ground water 
particularly susceptible to contamination.

The delineation and understanding of regional 
nonpoint-source contamination is a complex under 
taking. Relating ground-water quality to overlying 
land use was the basic approach used. Discrete land- 
use areas (irrigated cropland, petroleum-production 
land containing former brine-disposal ponds, and 
undeveloped rangeland) of 3-10 mi2 were identified. 
One small-yield well in each area was selected ran 
domly for sampling and analysis on the assumption 
that the results would characterize ground-water 
quality associated with that land-use area. In addition 
to land use, two other factors thought to be poten 
tially important in this regional evaluation were 
addressed. The effect of unsaturated-zone lithology 
on ground-water contamination was evaluated by 
categorizing each land-use area as having either a 
clayey or sandy unsaturated zone, as interpreted by 
regionalized mapping. Clay within the unsaturated

zone possibly inhibits downward movement of water 
and chemicals to the water table. The effect of the 
type of well sampled was evaluated by also sampling 
a randomly selected irrigation well in each area of 
irrigated cropland. This approach allowed testing of 
the hypothesis that samples from irrigation wells, 
drawing water from directly beneath fields receiving 
irrigation water and agricultural chemicals, will indi 
cate water of different quality than that from small- 
yield wells away from the fields.

The sampling design thus enabled comparisons to 
be made based upon prevailing land use, unsaturated- 
zone lithology, and type of well sampled. Although 
true baseline water-quality conditions probably are 
rare in the study area, these conditions might be rep 
resented most closely by ground water beneath the 
areas of undeveloped rangeland, which is a useful 
"control" against which to compare water quality in 
the developed areas. All samples collected were ana 
lyzed for major inorganic ions and other inorganic 
constituents commonly of interest. Samples from 
areas of irrigated cropland and rangeland also were 
analyzed for triazine and chlorophenoxy-acid herbi 
cides. Samples from areas of petroleum-production 
land and rangeland were analyzed for hydrocarbons 
using GC/FID scans.

Most data distributions for chemical properties and 
constituents in collected samples are nonnormal and 
positively skewed. Statistical testing thus was based on 
nonparametric procedures the two-tailed Wilcoxon- 
Mann-Whitney rank-sum test and contingency-table 
analysis. GC/FID scans revealed only trace concentra 
tions of organic compounds that were not identifiable, 
although comparative analysis was done through chro- 
matogram interpretation.

Results of this study indicate that regional water 
quality of the High Plains aquifer of south-central 
Kansas has been affected by prevailing land-use 
activities. The effects are principally in the form of 
increased concentrations of inorganic, rather than 
organic, constituents.

Ground water beneath areas of irrigated cropland 
is characterized by significantly (95-percent confi 
dence level) larger concentrations of hardness, alka 
linity, calcium, magnesium, potassium, fluoride, and 
nitrite plus nitrate than water beneath undeveloped 
rangeland. These effects are attributed to relatively 
large rates of infiltration and percolation through the 
tilled soil and unsaturated zone, a substantial part of 
which consists of applied irrigation water that has
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been concentrated by evapotranspiration. The water 
dissolves minerals from the soil and chemicals 
applied as fertilizer and transports them down to the 
aquifer. Nondegraded pesticides were detected infre 
quently in the aquifer. Recent identification of degra 
dation products of atrazine at some sites warrants 
further study to define their extent. Atrazine itself 
appears to be present only locally in the ground water 
beneath areas of irrigated cropland. Concentrations 
generally are less than a few micrograms per liter. 
Other pesticides were detected even less frequently.

Ground-water quality beneath petroleum- 
production land containing older brine-disposal ponds 
exhibits significantly larger values of pH, hardness, 
and alkalinity, and larger concentrations of dissolved 
solids, sodium, and chloride as compared to water 
beneath undeveloped rangeland. These differences 
probably reflect the downward percolation of brines 
from leaky disposal ponds in those areas. Differences 
between several constituents indicate that former 
brine-disposal activities might have more of an effect 
than irrigated-crop production on ground-water qual 
ity in the study area, except for the increased concen 
trations of nitrite plus nitrate demonstrated in the 
areas of irrigated cropland. Nonpoint-source contami 
nation by petroleum-derived hydrocarbons was not 
discernible in areas of petroleum-production land. 
Occurrences of trace organic compounds were similar 
between areas of petroleum-production land and 
undeveloped rangeland, which indicates that most or 
all of these compounds are naturally occurring and 
probably dissolved from soil or aquifer materials.

Mixed results concerning the effects of 
unsaturated-zone lithology probably relate to the 
small sample size when testing within a single land- 
use area and to the arbitrary nature of defining 
regional clayey and sandy lithology. The unsaturated 
zone is lithologically heterogeneous and contains sub 
stantial clay that inhibits the downward movement of 
water and solutes. Water percolating through the 
unsaturated zone might require from several months 
to several years to reach the water table. Atrazine in 
the study area is believed to be concentrated mostly 
in the soil zone, and degradation and sorption proba 
bly account for the infrequent detection of atrazine in 
the ground water.

Within the aquifer, the rate of lateral regional 
flow and solute transport is slow enough so that the 
ground-water quality reflects prevailing overlying 
land use in discrete areas of several square miles. 
Regional flow is sufficiently rapid, however, so that

the type of well sampled is not important in regional 
characterization of the water quality beneath areas of 
irrigated cropland; the seasonal pumping of irrigation 
wells does not appear to divert regional flow enough 
to cause discernible local anomalies of more mineral 
ized ground water.
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